ABSTRACT -To examine the transcriptional responses of rat bone cells continuously exposed to cadmium, we performed DNA microarray analysis. Cadmium increased levels of expression of 13 genes, including genes for Spp1, and reduced those of 10 genes.
INTRODUCTION
Cadmium (Cd) is an environmental and industrial pollutant that can cause osteoporosis, non-hypertrophic emphysema, irreversible renal tubular injury, anemia, eosinophilia, anosmia and chronic rhinitis (Waisberg et al., 2003) . Although Cd is a systemic poison known to affect many cell functions (Berti and Averbeck, 2006) , the cellular and molecular effects of a prolonged exposure to this metal are not completely understood. We assume that rat bone cells after continuous administration of Cd would induce various biochemical and molecular biology reactions, especially changes in transcript abundance of certain genes. To investigate the assumption, we examined the consecutive effect of Cd on gene expression in rat bone cells by DNA microarray analysis.
MATERIAL AND METHODS

Consecutive exposure of rats to cadmium
Six female wistar rats (6 weeks old) were given Cd (as CdCl 2 ) at a dose of 5 mg/Cd/kg/day by gastric tube daily for 6 consecutive days a week for 6 weeks, and sacrificed at 4 weeks after oral Cd administration as an experimental group. Under the same procedure, six female wistar rats (6 weeks old) were given saline as a control group.
Isolation of RNA
Total RNA was extracted from the femur except for bone marrow using RNeasy Lipid Tissue Mini Kit (QIAGEN, Valencia, CA) according to the manufacturer's protocol and stored at −80°C.
Microarray analysis
A 4 μg aliquot of total RNA from each of six animals per experimental or control group was processed and applied to a GeneChip ® Rat Genome 230 2.0 array (31,042 probe sets) according to the manufacturer's protocol (Affymetrix, Santa Clara, CA). Briefly, total RNA was reverse-transcribed using a T7-Oligo (dT) Promoter Primer in the first-strand cDNA synthesis reaction. Following RNase H-mediated second-strand cDNA synthesis, the double-stranded cDNA was purified and served as a template for in vitro transcription (IVT). The IVT reaction was carried out in the presence of T7 RNA polymerase and a biotinylated nucleotide analog/ribonucleotide mix for complementary RNA (cRNA) amplification and biotin labeling. Twenty micrograms of fragmented cRNA were allowed to hybridize to a microarray for 16 hr at 45°C with constant rotation at 60 rpm. After hybridization, the microarray was washed and stained with fluidics protocol EukGE-WS2v5 according to Affymetrix's recommendation. At the completion of the fluidics protocol, the microarray was placed into the Affymetrix Correspondence: Ken-ichi OHBA (E-mail: kohba@kitasato-u.ac.jp) K. OHBA et al. Vol. 32 No. 1 GeneChip ® Scanner where the intensity of the fluorescence for each feature was measured. The expression analysis file created from each sample (microarray) was imported into GeneSpring 7 (Agilent Technologies Inc., Palo Alto, CA) for further data characterization.
RESULTS AND DISCUSSION
This study demonstrated that continuous Cd exposure resulted in specific gene expression changes in rat bone cells using microarray. The expression of 23 out of 28,734 genes was altered in rat bone cells after continuous administration of Cd. Thirteen genes were up-regulated and 10 genes were down-regulated (Table  1) . Among the up-regulated genes, the gene for Ssp1 is a non-collagenous bone matrix protein with several functions, such as bone remodeling, angiogenesis, cell adhesion and tumor migration (Merry, K. et al, 1993) . To our knowledge, the 23 genes have not previously been reported to be associated with transcriptional regulation in response to cadmium exposure in bone. The findings would be useful for a better understanding of the molecular basis of Cd-induced toxicity in bones. immune response BG371810 RT1-Aw2 0.33 Genes whose expression was altered more than three-fold are listed. The value indicates a ratio of the gene expression level in Cdexposed rats to that in control rats.
